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PREFACE 


Entrainment and impingement of aquatic organisms are two of the most visi- 
ble environmental impacts associated with the operation of water intake struc- 
tures. Often, the design and location criteria for water intake structures do 
not include bij!oaical information that could reduce entrainment and impince- 
ment impacts, and some methods employed at electrical power plants to reduce 
these impacts have a number of inherent problems (Reynolds 1980). An example 
of the latter includes off-stream cooling facilities such as cooling towers, 
cooling ponds, and spray canals at electrical power S's plants. A study 
conducted by the National Power Plant Team of the U.S. Fish and Wildlife Ser- 
vice (NPPT 1978) indicated that decisions affecting intake structure design and 
location are made before biological consequences are assessed. If biological 
information could be included in design and location decisions for water intake 
structures, potential for entrainment and impingement of organisms would be 
reduced. In the case of electrical power generation, diminished entrainment 
and impingement impacts could permit the use of more cost effective once- 
through cooling systems. The U.S. Fish and Wildlife Service has determined 
that information on fish and shellfish behavior and physioloay is most 
necessary to intake design (U.S. Fish and Wildlife Service 1978). 


This manual provides guidance to the biologist who is asked to provide 
Siological input to a water intake design. The manual provides examples of 
types of biological information that might be included in intake design. Pro- 
cedures for quantifying biological information and defining specific tasks that 
will generate quantifiable data are discussed. Procedures described are 
applicable both to new structures and modified existing structures. 








ORGANIZATION OF THE MANUAL 


This manual is a summary of the reports, “A procedure for the input of 
biciogical information to the design, location, or modification of water intake 
structures," and “Evaluation of models for developing biological input for the 
design and location of water intake structures." These reports detail two of 
the three major facets of the proceuure outlined in this manual. Only major 
pcints of these reports are repeated here; some examples are used for 
illustrative purposes. 


The first section of this manual briefly introduces the three facets of 
the process developed to provide biological information to intake designers. 
How the facets are interrelated and how information should flow into the intake 
design are discussed. The section entitled FACETS OF THE PROCESS FOR INCLUDING 
BIOLOGICAL INFORMATION IN WATER INTAKE STRUCTURE DESIGN, details how the facets 
should be approached by a biologist/user. The next section of the manual pre- 
sents data from two sites to illustrate application of the process (SITE- 
SPECIFIC EXAMPLES). Those data that are most likely unavailable to biologists 
required to provide input to intake design are discussed in the final section 
(FUTURE RESEARCH). References used in the manual are listed in LITERATURE 
CITED. The reader is directed to the reports mentioned at the beginning of 
this discussion for more information. Those reports include listings of 
references useful to biologists using the procedure outlined in this manual. 
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INTRODUCT ION 


A biologist's ability to prepare input to the design, location, or modifi- 
cation of a water intake structure wil! be enhanced when biological information 
can be described quantitatively. Quantitative information can be modeled so 
design engineers can predict the impact of alternate intake operations on indi- 
genous biological communities. The ourpose of this manual is to outline proce- 
dures for providing a design engineer with biological information that can 
reduce impacts of water intake structures on aquatic resources. 


The initial body of Diological information available to intake designers 
is very general. The biologist should be responsible for reviewing this infor- 
mation and reducing it to features relevant to the design engineer (Table 1). 
The process of identifying biological information needed and the methods and 
procedures for applying this information in design, location, or modification 
cf water intake structures is multifaceted and iterative (Figure 1). The three 
facets of the process discussed in this manual! are illustrated as balloons in 
Figure 1. The information generated in each facet has application to the other 
facets. Interrelationships are illustrated with connecting arrows. 


The first facet of the process includes thee steps: 1) organization of 
diological information, especially behavioral and physiological responses of 
fish and shellfish, that influence vulnerability to entrainment and impinge- 
ment, 2) identification of water intake stimuli, and 3) descriptions of intake 
stimulus/biological response relationships. It is the stimulus/response 
relationships that need to be quantified for inclusion in water intake designs. 


In the second facet of the process, quantified descriptions of stimulus/ 
response relationships are generated. Quantifying stimulus/respense relation- 
ships can 1) provide direct input to water intake design, 2) suggest the need 
for experimentation, or 3) help clarify stimulus/response relationships. 


The third facet of the process, experimentation and data analysis, he'ps 
define specific tasks or experiments that can be used to generate data for 
Quantifying stimulus/re*ponse relationships. Specific tasks designed to pro- 
side data may be suggested by the stimulus/response descriptions or as a result 
of quantifying these relationships. 
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lable 1. Examples of General Biologica! Information and the Reduction Process for 
Defining Site-Specific Information to Reduce Entrainment and Impingement Impacts 





General 
Biological 
___ Information 





fish and shellfish 
distribution 


Swim speed 


rheotactic 
response 


reefing response 


Site-Specific Information 
to Reduce Entrainment 


and Impingement Impacts 


distribution of fish and 
shellfish during life-stage 
vulnerable to entrainment 


and impingement 


swim speed/entrainment and 


impingement velocities 
related co species fatigue 





intake velocity, current 
direction/rheotactic 
response relationships 


design that affects 
reefing response of fish 
and shellfish 


< 


Biological Criterta 
For Environmentaliy 


__Acceptabie Design _ 


intuke location and 
operation apart from 
vulnerable fish and 
shellfish 


intake velocily that 
does not fatique fish 
and shellfish near 
structure 


current velocities and 
directions that do not 
attract fish and 
shellfish 


structural design that 
repels fish and shell- 
fish or attracts fish 
and shellfish away from 
areas where fish might 
pecome entrained or 


imp inged 














FACET 2 





QUANTITATIVE 
DESCRIPTIONS 






EXPER MENTATION 
SPECIFIC TASKS 


Figure 1. Process for inclusion of biological information into water 
intake structure design. 














FACETS OF THE PROCESS FOR INCLUDING BIOLOGICAL INFORMATION 
IN WATER INTAKE STRUCTURE DESIGN 





ORGANIZATION OF BIOLOGICAL AND INTAKE INFORMATION 


The organization of biological and intake information (Figure 2) includes 
three steps. First, relevant fish and shellfish behavioral, physiological, and 
ecological characteristics that influence the degree of vulnerability to en- 
trainment and impingement must be identified. Second, water intake structure 
stimuli that elicit biological responses must be named. Finally, the stimulus/ 
response relationshins must be described. The dotted, overlapping section of 
Figure 2 is presented to emphasize that only relevant stimulus/response rela- 
tionships should be used in following facets of the process. Examples for each 
of the three steps of the first facet of the process are presented to help the 
user of the manual think about the types of relationships that are useful at 
specific intake sites. 
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Figure 2. Biological and water intake characteristics that define 
stimulus/response relationships. 











Biological Characteristics 





The behavioral, physiological, and ecological characteristics of fish and 
shellfish are complex and many are not applicable to intake design. However, 
by understanding those characteristics that influence vulnerability to entrain- 
ment and impingement, the biologist will have information that is pertinent to 
water intake structure design. The decision train in Figure 3 illustrates a 
method of sorting out vertinent information. Neitze! and McKenzie (1981) dis- 
cuss the biological information in this decision train and present examples of 
how this information can be used in designing water intake structures. The 
following is a summary of the bio’ogical information presented in Neitzei and 
McXenzie (1981). The summary does not present al] the biological information 
that is useful to water intake design; nevertheless, the examples should assist 
biologists in identifying the relationshins between biological response of fish 
and shellfish and water intake designs that could lead to entrainment or 


impingement. 


Distribution and habitat selection patterns are among the ecological 
characteristics that may be affected by water intake structures. When fish and 
shellfish spatial distributions occur near an intake, the likelihood of 
entrainment or impingement increases. Requirements for temperature, salinity, 
dissolved oxygen, food, and refuge from predators are among the factors a bioc- 
logist should consider in iooking at spatial distribution patterns. Secause 
intake operations that occur when fish and shelifish are present increase fish 
and shellfish vulnerability to entrainment and impingement, ¢ ral distribu- 
tion patterns are also important. Some fish and shellfish move from one habdi- 
tat to another (migrate) in response to environmental changes, food supplies 
and reproduction requirements. These migrations may occur seasonally, daily, 
or once in a lifetime. Fish and shelifish select habitats to hide or escape 
from predators, protect themselves from extreme changes in environmental condi- 
tions, or as suitable substrate for their particular environmental require- 
ments. Shoreline configuration, substrate type, depth, and other topographical! 
features of a body of water that are important in defining the habitat may be 
whe by the presence of an intake and thus merit consideration by a 
biologist. 


Because species vary in their ability to withstand impact as wel! as in 
their response to intake stimuli, the biologist must consider species charac- 
teristics that might influence vulnerability. How indigenous fish and shell- 
fish respond to stimuli such as bottom topograony, current velocity, and sound 
may be important to intake design. If intake operation changes current direc- 
tion or velocity, a biologist should be aware of those fish and shellfish that 
may be attracted to or entrained by these changes. 3ecause the swimming der- 
formance of a fish near a water intake structure can be affected by current, 
yeiocity and direction patterns, the biologist should attempt to identify now 
currents at the intake will affect fish and shellfish. Consideration of “ish 
and shellfish size and shaoe is important, since screen mesh sizes that allow 
fisn and shelifish to oass through increase entrainment impacts. ‘he ability 
of a fish or shellfish to withstand stresses varies with environmenta! 
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Outline of biological information needed in designing, 
locating, or modifying of water intake struc 


Figure 3. 


conditions and health of the individual. Hardiness is important when consid- 
ering modifications to water intake design Such as fish removal systems. 


The above examples are types of biological information that can be used 
in water intake structure designs. The next step in this first facet is to 
identify intake stimuli that influence biological responses of fish ana 
shellfish. 


Water Intake Structure Stimuli 


Water intake structures present stimuli that may elicit behavioral and 
physiological responses in fish and shellfish and change their vulnerability 
to entrainment and impingement. Water intake stimuli can also influence such 
ecological characteristics as distribution. An intake structure on a river 
shoreline, for example, usually has a forebay. A shore-oriented fish that 
approaches a forebay encounters a change in depth, light, and possibly tempera- 
ture and bottom sudstrate. The fish may be attracted by the change in light 
intensity. If the fish is in an area that is near the intake screen, chances 
of impingement are increased. 


When intake pumps are operating, the fish or shellfish approaching the 
intake encounters changes in water velocity, current direction and sound. 
Additionally, the intake design may include attractant and avoidance stimuli 
to reduce entrainment and impingement of aquatic organisms. Examples of water 
intake structure stimuli are discussed below. This summary does not present 
all the stimuli that may be present at a specific intake; it should, however, 
assist the biologist in identifying those stimuli that might affect fish and 
shellfish ct a specific site. 


When habitat changes resulting from the location of an intake attract fish 
and shellfish, these organisms may be more vulnerable to entrainment and 
impingement. The construction of a water intake structure results in the 
introduction of new habitat. It may serve as a new substrate for colonizing 
organisms. It can be a site for aggregating fish. Irregular surfaces on a 
water intake structure provide hiding places for smal! fish and shellfish and 
in turn, can create new forage areas for predator fish. The structure can also 
alter or affect water currents. Water intake designs can include intake chan- 
nels, forebays, and dikes that are new habitat. Changes in habitat and how 
fish and shellfish respond to those changes must be considered in intake 
design. 


Natural currents and sound or light patterns are changed by the presence 
of intake structures and may affect fish and shellfish in a variety o* ways. 
Fish and shellfish may be attracted by currents at intakes. Ambient currents 
may change direction and velocity, and in turn affect swimming performance of 
fish and shellfish as well as the attractiveness of the altered area. if 
sounds caused by intake operations are perceived by fish and shelifish, the 
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organisms may be attracted to areas where they will become impinged. Lignts 
are fourd on many water intake structures for maintenance and security reasons. 
The shadows cast by intakes change sunlight patterns in the aquatic environ- 
ment. Forebays, intake channels, and dikes at water intakes can result in 
changes in water depths that affect ambient light conditions. 


These are the types of water intake stimuli that must be considered by a 
biologist who wants to define stimulus/response relationships for input to 
intake design. The next step in this facet of the process is defining water 
intake stimuli/biological response relationships. 


Stimulus /Re se Relationshi 


The discussion of the first two steps of facet one provide examples of 
biological information and intake stimuli. As the third step, the biologist 
must articulate relationships between the intake stimuli and biologica/ 
responses. As Figure 2 shows, this step involves a synthesis of the bodies of 
information discussed in the first two steps. The resulting information is 
selected to be useful to intake design. 


we have already noted that the presence and operation of water intake 
structures present many stimuli that may elicit behavioral or physiological 
responses by fish and shellfish. The stimuli will vary with the intake design 
and the water body in which the intake is located. it is important to hypothe- 
size the nature and magnitude of the stimuli that can then be related to bio- 
logical responses of the indigenous fish and shellfish. These stimulus/ 
response relationships can aid engineers in Tn an intake that reduces 
attracting stimuli and increases repulsing stimuli (Table 2). The biologist 
using this procedure must determine which stimulus/response relationships are 
important. Following are examples of relationships that may affect the 
magnitude of entrainment and impingement. 


Changes in current velocity or direction can attract fish and shellfish. 
If the current is near an intake screen and the velocity is at the threshold of 
endurance for an attracted fish, the fish may become impinged. If lignts at a 
water intake structure are positioned so fish are attracted to areas where cur- 
rent velocities can impinge them, the stimulus (lianht)/response (attraction) 
increases impingement. The converse may result i ghts attract fisn away 
from impingement areas. Fish or shellfish may vrefer certain shoreline con- 
———— or_ depths. If an intake forebay or channel i$ excavated to depths 
prererred by vuineraole fish and shellfish, entrainment and impingement may de 
increased. Again, the converse holds true; an intake may be placed to avoid 
preferred depths of indigenous fish and shelifisn. Operation of intake pumos 
and screen washing devices creates turbulence. If turbulence attracts fish or 
shellfish, entrainment and impingement will increase. Turbulence may affect 
fish or shellfish orientation and could affect an organism's response ‘to other 
intake stimuli. 








Table 2. Possible Stimulus/Response Relationships for Fish and Shellfish 
at Water Intake Structures and Potential Design Considerations 
to Reduce Entrainment and Impingement 








Intake Component Stimuli Reponse Desian Considerations 
Structure New habitat Colonization Surface modification 
unsuitable for 
colonization 
Predator Elimination from design 
avoidance area 
Change Attraction Produce undetectable 
current currents 
Screens Change Passage Screen and mesh size that 
Block Nets current reduce oassage 
velocity and 
direction 
Attraction Decrease through-screen 
and fatigue velocity 
Impingement Injury or Safe removal system 
death 
Pumps Noise Attraction or Use noise level that 
repulsion repulses 
Sk immer or Change Attraction or Produce currents that 
walls, bottoms, currents repulsion repulse fish 
sills, porous 
dikes 
Change access 8lockage Place in area that wili 
area prevent access 
Discharge Change Change Place to avoid affecting 
temperature behavioral population near intake 
and current, threshold 
chlorine 








These are only a few of the many relationships that can influence the vul- 
nerability of fish and shelifish to entrainment and impingement. We suggest a 
method for -yoihhay out those relationships that are relevant to a specific 
intake in Figure 4. Biological characteristics of indigenous fish and shell- 
fish are listed on the left. Intake stimuli are listed on the top. The bio- 
logist who needs to provide meaningful information to intake design can use 
Figure 4 to identify and prioritize the relationships most likely to be 
pertinent to a specific intake. 


Priorities will vary with intakes and indigenous fish and shellfish popu- 
lations. Not al] relationships may be useful. Some relationships may suggest 
modifications that are not economically feasible, or engineering design changes 
that are incompatible with the other facility components. Criteria for setting 
priorities are beyond the scope of this manual. However, before proceeding to 
facets 2 and 3 of the process, the biologist must prioritize stimulus/response 
relationships for the design engineer. 





INTAKE 
CHARACTERISTICS 














REEFING RES PONSE 
AUUIOTAXIS 











SWIM SPEED 
TIME TO FATIGUE | 
ORGANISM SIZE 

















SWIMMING DEPTH | 
HABITAT PREFERENCE 














! 
| 


























Figure 4. Decision matrix for identifying relevant stimulus/response 
relationships applicable to water intake structure design. 











After the biologist defines relevant biological information (stimulus/ 
response relationships that will reduce entrainment and impingement), the 
information has to be presented or communicated to design engineers in a use- 
able form. We suggest that quantified descriptions of the stimulus/response 
relationships will provide an optimum common ground for communication between 
biologist and engineer. Methods for quantifying relationships are explored in 
a discussion of the next facet. 

















QUANTITATIVE DESCRIPTIONS OF STIMULUS/RESPONSE RELATIONSHIPS 


Once the stimulus/response relationships have been identified and ana- 
lyzed, they must be communicated to the design engineer so they can be incor- 
porated into the intake design. We suggest that a quantitative description of 
the stimulus/response relationship is the best way to communicate biological 
information to design engineers (Figure 5). The quantitative descriptions, 
besides communicating information, may suggest additional experiments for quan- 
tifying stimulus/response relationships, or they may direct the biologist to 
consider other stimulus/response relationships (Figure 5). In our discussion 
of facet 2, we present methods for quantifying relationships observed between 
water intake structure stimuli and biological responses of fish and shellfish 


poou lations. 
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Figure 5. Relationship between quantitative stimulus/resoonse data and other 
Siological information needed to design, locate, or modify an intake. 











Functional roach 


Quantification of stimulus/response relationships is described in detai! 
in Simmons and McKenzie (1981). Two methods of quantification are presented. 
In the first, functional relationships are developed between behavioral and 
physiological characteristics of fish and shellfish and changing environmenta! 
conditions that might affect wiinerability to entrainment and impingement. 
Examples include swim speed and preferences for temperature and salinity, etc. 
For this approach, models (mathematica! equations) are developed to evaluate 
many stimulus/response relationships in concert. For example, a swim speed 
mode! might predict the effects of size (age), temperature, season and dis- 
solved oxygen concentration on the swim speed of a particular fish species. 
These models require that biological responses be examined over a range of 
stimulus levels. 


An example of this type of mode! is the swim speed model. The genera! 
form of the swim speed model is: 


v= (aL>) * #(T, SAL, 00, TOX, CF) (1) 
anere Y = swim speed (cm/sec) 


L = organism size (length) 


a,> * oarameters 


and f( ) = functions describing the effect of swim speed on: 
T (temperature) 
SAL (salinity) 
00 (dissolved oxygen) 
TOX (toxic compounds ) 
CF (some physiological factor 
@.g., sex, disease, schooling, etc.). 


To construct such a model, functional relationships are needed between the 
biological characteristics and intake stimuli. These functions are derived 
from the experimental data via regression analysis, — either a best fit 
approach, or fitting postulated relationships. An example of the latter is the 
fish length/swim speed relationship, generally described by: 
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The relationship between temperature and swim speed can take a variety of 
forms. One common procedure is to use Equation 2 to describe the relationship 
between fish length and swim speed at each test temperature. The temperature/ 
swim speed relation would then be composed of a series of equations, each hav- 
ing different narameter values. Another type of temperature/swim speed rela- 
tionship can be derived from response surface analysis (Griffiths and 
Alderdice 1972). 


For the swim speed mode! described in Simmons and McKenzie (1981), a mul- 
tiplicative relationship was assumed between swim speed and the various 
physiological and environmental factors. Equation (1) then becomes: 


Ve (aU?) *#,(T) * #,(SML) © £5(00) * f,(TOX) * f,(CF) 


where O<f (+)<1 for all i. 


Functions for temperature, salinity, etc. are developed such that at preferred 
or optimum levels for these factors, swim speed is related only to fish size 
(e.g., f3(T) = 1). At other than optimal conditions, the effect of temperature, 
salinity, etc., is a proportionate reduction of swim speed (e.g., f1(T) < 1). 


The relation between temperature and swim speed applicable to a multipli- 
cative mode! is similar to that postulated for temperature and ingestion rates 
(Kitchell et al. 1974), where: 


t,t, (1-T.) 


> x 
1ey,  *6 


where T (T.-t) / (TT 
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t_* T,*(1+(1+40/T,)°*77? 
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and)§6hr T. * upper temperature limit at which swimming stops 
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preferred or optimum temperature 
T * 9 (rate of change per 10 C) for swim speed 


t = ambient or test temperature. 








Functions describing the stimulus/response relationship need not be con- 
tinuous. For example, the effect of disease on swim speed can be described by 
a discrete function: 


CF = 1.0 if no disease, 


s Vais/ ne if disease is present, 


where v = swim speed of diseased fish and 


dis 


v5 = maximum swim speed. 


Development of functions is necessary for all the stimulus/response rela- 
tionships identified as pertinent to describing swim speed. Since these func- 
tions are species- and in some cases size-specific, they will require multiple 
inputs for such parameters as preferred temperature (Tao¢). Some of these 
functions and/or parameter values can be adapted from eRe literature. 


Once the model is assembled, it can be used to compare the effect of the 
various stimuli on swim speed, and to predict swim speeds given a set of condi- 
tions. These predictions should be compared to actual swim speed data as a 
check when possible. Models such as the swim speed model are useful for plan- 
ning experiments to examine the mechanisms and consequences of avioral 
eet or behavioral adaptations to environmental stimuli ( ° 

se models also provide input into the categorical approach. 


C ical 


A second method of quantification involves assigning pertinent stimulus/ 
response relationships to quantal categories. This approach emphasizes cate- 
gories describing the spatial and temporal distribution of a species or life 
stage and makes maxinum use of available or easily obtained information. In 
the decision process shown in Figure 3, a categorical approach is used to pro- 
vide input into engineering questions on intake location and on modifications 
to intake design and operation. 


The categorical approach satisfies most of the criteria for an optima! 
procedure that will provide biological input to an engineering design (Fritz 
et al. 1980). The categorical approach makes few critical assumptions about 
the state of nature and does not require large amounts of information. The 
mathematical mode] utilizing this approach can be easily programmed and used 
to evaluate multiple situations. Most of the information needed is easily 
obtained. The categorical approach, as presented here, evaluates intake design 
and location with a matrix model. Matrices provide an organizational framework 
that utilize the biological response and intake stimuli information organized 
in facet one. Categories within the biological response matrix (d) describe 











fish and shellfish distribution; categories in the intake stimuli vector (p) 
¢escribe location and operating characteristics of the intake. The diological 
ad‘. ribution matrix simply identifies whether a particular lifestage (rows) is 
present or absent in a given spatial or temporal category (columns). Elements 
of the vector (2) indicate whether or not the intake design is relevant to 
these same spatial and temporal categories. For example, if the intake 
operates during the day but not at night, then “1" would be entered in the row 
designating “day” and a “O" would be entered in the row designating “night”. 
Multiplication of the two matrices yields information on the overlap in the 
zone of influence between the intake stimuli and the fish or shellfish 
response. Such an overlap signals potential for entrainment or impingement. 


The general form of the matrix for fish and shellfish distribution (0) is: 
diy di9 ef qin 
doy 455 see do, 








2 °s 
45) 452 a 36n 
with n * parameters associated 
with distribution 
s = life stages 
and d = response (9, 1). 


Zero/one in the matrix signifies absence or presence, respectively. A separate 
matrix is constructed for each species considered at risk in the area of the 
intake. The rows of the matrix should include al! potentially impacted life 
stages, while the distribution categories (columns) should include season 
(summer, fall, etc.), day/ night, in-shore/off-shore, or too/bottom. These 
categories are general; nevertheless, they describe the position of a fish or 
shellfish in time and space and are useful in a preliminary assessment of 
intake design. The categories become more specific as the assessment shifts 
from general location and design specifications to modifications of the intake 
structure. 


Factors associated with the location of the water intake are contained in 
a vector (?). In selecting factors, consideration is given to the extent of 
the area disturbed by the intake (e.g. by current), and, if the intake {s 
located at the end of an intake canal, the characteristics of the canal (e.g. 
rejiative depth, where the intake water is drawn from). The intake vector ‘s: 
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with intake 


D = relevance to intake (9, 1) and the 
second 1 (nl) refers to the first 
design characteristic. 


where n = parameters associated 
and 


Overlap between a species distribution and the zone of influence around the 
intake are assessed as: 


Overlap = 1 *W* (D * P) 


wher W = $ x $ matrix of weights 
ms importance to 
vartous life stages and 


l*i xs vector of 1's. 


The overlap variable is a scalar which measures the coincidence between the 
distribution of fish and shellfish and the spatia\ and temporal area occupied 
by the intake. The degree of overlap measures the potential for impact. 


The procedure allows for a rapid assessment of many alternatives and pro- 
vides a means of weighting these alternatives (matrix W). In this example, the 
weights are assigned to the biological input. We assign hi weights to 
endangered species or to small size classes. Weights can also be based on the 
reproductive value of particular size classes. Weights related to the costs 
: the — intake designs and locations can also be added to the mode. 

or example: 


Werlap = 1*w* (0 * E * P) 


where E = x 1 diagonal matrix of economic 
weights. 


This procedure provides an easy method for examining the effects of modi- 
fications to a proposed or in-place intake structure. Interacting with an 
engineer, the biologist can input ideas based on his own «knowledge of the area 
as well as on corroborating evidence from other sites and studies. 
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Quantitative methodologies make the transfer of biological information to 
the design engineer easier in three ways. First, quantitative methodologies 
provide for an experimental design based on the statistical principles of ran- 
domization and replication. Such designs insure that hypotheses are both well- 
defined and testable. Second, models can be developed which describe the 
physiological and behavioral responses of an organism under conditions of many 
stimuli. This permits biologists and engineers to assess situations in which 
more than one intake stimuli (e.g. change in current direction and speed) 
affect the biological response of a fish or shellfish (e.g. swim speed). The 
third advantage comes from techniques for evaluating the potential impact of 
various intake designs and location options on indigenous fish and shellfish. 


Quantification of stimulus/response relationships requires data. Though 
these data can be gleaned from reviews of available literature, information in 
journal articles and technical reports may not always be applicable to site- 
specific situations. Experiments that will generate useable data must be 
designed. To arrive at suitable experimental designs, questions about the 
exact nature of the relationships to be measured must be answered. Factors 
that could influence a relationship as well] as the magnitude of the relation- 
ship must be considered. Input to the experimental design criteria also 
requires an assessment of acceptable error levels and a determination of sample 
size. A statistician should be consulted to insure that data collected wil! 
be appropriate for testing the desired hypothesis. Methods for defining 
specific tasks are presented in the following section. 


EXPERIMENTATION AND DATA ANALYSIS 


Preceeding sections of this manual discuss the first and second facets of 
a process by which biological information may be incorporated into intake 
design considerations. ‘he first facet includes: 1) identifying biological 
characteristics of fish and shelifish that influence the vulnerability of an 
organism to be entrained or impinged; 2) identifying water intake structure 
stimuli that elicit behavioral and physiological responses of fish and sheli- 
fisn; and 3) describing stimulus/response relationships. The second facet 
describes quantification of the stimulus/response relationships (Figures i, 2, 
and 5). Figure 6 highlights observation and collection of experimental data to 
support quantitative descriptions of water intake stimulus/organism response 
relationships. The organization which requires identification of stimulus/ 
response relationships and quantification of these relationships can suggest 
experiments (Figure 6). Fritz et al. (1980) use a hierarchy of hypotheses for 
determining specific tasks to assess impacts of power plants on fish and 
shellfish populations. 


A hierarchical process is used here to suggest specific tasks that wii! 
provide data appropriate to water intake design models (Ficure 7). ?rimary, 
secondary, and tertiary hypotheses are usually too generai to suagest specific 
tasks or 2xperiments. However, lower order hypotheses are less general and can 
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Figure 6. Specific tasks for quantifying descriptions of 
stimulus/response relationships. 


suggest tasks that may generate data for parameterizing quantitative descrip- 
tions of stimulus/response relationships. Figure 8 is a hypothesis hierarchy 
diagram illustrating the relationship of fish swim speed (a physiological 
characteristic) to intake velocity (intake stimulus). Figure 9 repeats the 
hypothesis hierarchy, itiustrating its applicability to an ecological charac- 
teristic (spatial distribution) of fish or shelifish which might be entrained 
or impinged at a water intake structure. 


When first examining this hierarchical process, the examiner might easily 
become discouraged by the enormous number of tasks that can be generated. In 
Figure 7 (the generic hypothesis hierarchy), only three specific tasks are 
illustrated. However, if fully expanded to include all species of fish and 
shellfish, and all their behavioral, physiological, and ecological characteris- 
tics, plus all intake stimuli, the thousands of specific tasks defined would 
be of no help to a biologist providing input to water intake structure des‘gn. 
Therefore, a biologist using the hypothesis hierarchy has to use some form of 
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Figure 7. A generic hypothesis hierarchy defining specific tasks for 
producing quantitative data on stimulus/response relationships. 
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environmental stimulus relationships. 
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Figure 9. A hypothesis hierarchy to quantify spatial distribution/intake location relationships. 





a decision train (e.g. Figure 3) to select those species and biclogica! charac- 
teristics that are most applicable to site-specific design under consideration. 
The biologist should also rely on information generated by quantitative 
descriptions of stimulus/response relationships (Figure 5) when selecting 
specific tasks that will generate appropriate data. 
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SITE-SPECIFIC EXAMPLES 


Water intake structures associated with two power plants are used to illu- 
strate the procedures outlined in this manual. In the first example, an 
entrainment and impingement problem was mitigated by incorporating biological 
information into design modifications. In the second example, impingement data 
from a power plant is used to illustrate the quantitative procedure. 


The first example involves a water intake structure associated with the 
Hanford Generating Project (HGP) located on the Columbia River in southeastern 
Washington (Gray et al. 1979). Here, protection of migrating salmon popula- 
tions was the primary biological concern. Water intake structures, especially 
those located near spawning areas, have the potential for impinging and 
entraining salmon fry. 


Salmon fry were found to be both impinged and entrained at HG? (Gray et 
al. 1979). The procedure used to mitigate the impact was similar to the one 
proposed in this manual. First, the characteristics of the biological commu- 
nity were determined (in this case the salmon population); the characteristics 
of the intake which might contribute to the problem were analyzed as well. 
Biological and ecological characteristics of the saimon fry collected in the 
vicinity of the intake, and of those collected in front of and behind the tra- 
veling screens were listed (Table 3). Also in Table 3 are intake stimuli which 
were thought to affect impingement and entrainment. The impacted population 
consisted of fry (3.5 to 56.5 cm) which were present for a four month period in 
spring. Several characteristics of the intake appeared to be related to the 
impingement and entrainment problem. These included a large mesh on the intake 
screens, an intake velocity which greatly exceeded the swim speed of salmon 
fry, and the withdrawal of water from the frys' preferred habitat. These three 
areas were then targeted for possible design modifications (Figure 10). 


The most obvious design modification, reduction of intake velocity, was 
not economically or operationally feasible. The other design options involved 
changing the depth from which the water was withdrawn and modifying the travel- 
ing screen. Since entrainment resulted in 100% mortality of salmon fry, modi- 
fications to reduce entrainment were considered first. The size structure of 
the entrained population (Table 3) indicated that entrained slamon exceeded the 
intake mesh size. Thus, while some fish might be passing through the screen, 
other means of access must also be possible. Physical examination of the 
screen revealed several areas which would allow passace of fish. The solution 
to the entrainment problem was to change the mesh size from 0.64 to 0.32 ca, 
and to close all gaps in and around the traveling screen. 


Completion of these modifications effectively reduced the entrainment 
problem at HG?, but increased the impingement problem. With fewer salmon going 
through the screen, more were impinged; also, the smaller mesh size may have 
increased the velocity through the screen around the intake. 





Table 3. Characteristics of the Salmon Fry Community (A) and Water 
Intake Structure (8) at the Hanford Generating Project (HGP) 
on the Columbia River, Washington (Gray et al. 1975) 





A. Salmon Fry 
l. Size Classes: cm (X: present, - : absent) 


___Important Months 





a. Beach Seine Mar Apr May June 
3.5 - <6.5 x x x x 
6.5 - <16.0 x x x x 
16.0+ x ° - - 
b. Impinged 
3.5 - <6.5 x x x x 
6.5 - <16.0 - - x x 
16.0+ - - - - 
c. Entrained 
3.5 = <6.5 x x x x 
6.5 - <16.0 - - - x 
16.0+ - - - - 


2. Salmon fry migrate in upper 2 meters along shore 


3. Prolon swim speed for 0. tschawytscha (Chinook 
Salmon) fry (3-10 cm) ranges from 40-/0 cm/sec 
(Beamish 1978). 


8. Intake 
l. Mesh size of traveling screen: 0.64 cm 
2. Water withdrawn from inshore area 
3. Intake velocity: 72 cm/sec (approx.) 





Examination of the saimon fry habitat (Table 3) indicated two possible 
solutions to reducing impingement. One was to modify the water intake to with- 
draw water from the bottom of the water column instead of the top. The other 
involved furth. modifications to the traveling screen. 


At this stage, hypotheses were formulated about the effect of water with- 
drawal on impingement and the effect of screen modification on impingement mor- 
tality. These hypotheses were ranked according to their probability of 
success, {.@., the information resulting in a significant reduction in impinge- 
ment or impingement mortality, and on economic considerations related to the 
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Figure 10. Decision matrix for identifying relevant stimulus/response 
relationships for the HGP water intake structure. 


cost of the experiment and the cost of implementing the indicated modification. 
At HGP, the effect of the water withdrawal location was evaluated first. 
Stoplogs (adjustable concrete walls) at the intake were raised and lowered, 
restricting the area of water withdrawal. Results indicated no significant 
effect on impingement (Gray et al. 1979). 


Hypotheses related to traveling screen modification were formulated for 
further study. The studies included: 1) feasibility of catching fry in 
shallow buckets welded to the traveling screens, 2) tolerance of fry to short 
term capture in the buckets on continuously traveling screens, and 3) survival 
of fry washed from the buckets and returned to the river downstream of the 
intake. Results of the tests indicated almost complete elimination of chinook 
salmon fry impingement mortalities at HGP. 


The process for ameliorating the impingement and entrainment problem at 
HGP was to i) identify the biological characteristics of the impacted popula- 
tion, 2) identify the characteristics of the intake which might affect impinge- 
ment and entrainment, 3) evaluate selected stimulus/response relationships anc 


re) 








4) implement modifications based on the results of these evaluations. This 
procedure resulted in the elimination of salmon fry entrainment and a signifi- 
cant reduction in impingement mortality. Results from this investigation also 
suggested a design for futur# intake structures which might further reduce 
impingement (Gray et al. 1979). 


The seconc exampie illustrates the quantitative procedure utilizing the 
categorical approach. The water intake structure for the Peach Bottom Atomic 
Power Station is located on an impoundment on the Susquehanna River, 
Pennsylvania (Mathur et al. 1977). A study of impingement rates at Peach 
Bottom indicated no significant impact existed (Mathur et al. 1977); results 
from that study are used here for illustrative purposes only. 


If we were to design a study to reduce impingement at Peach Botton, we 
would first compile a list of those characteristics of the biological community 
considered important. At Peach Bottom, impingement of game fishes is an impor- 





tant priority; thus, we rend consider such species as: (Ses lomi eu i 
(smallmouth otf M. (largemouth bass), Stizosted treum (wall- 
eye), Esox masquinongy (mus at unge), and Pomoxis annularis (white crappie) at 
this site. 


B8iological characteristics of these species that might affect impingement 
rates include fish size, swim speed, temporal distribution, and diel 
distribution. 


The next step would be to consider the characteristics of the intake site 
and operation which also micit affect impingement rates. Tivse characteristics 
shown to be important at Peach Bottom were pumping capacity (i.e., intake velo- 

city), river flow (i.e., current), and water temperature (Mathur et al. 1977). 
These biological and intake characteristics now identify several areas for 
evaluation (Plame ll). 


To illustrate the categorical approach, we evaluated the effect of tem- 
perature on the bp grat between intake velocity and swim | for 
nett L i, smallmouth bass. M. dolomieui is a seasonal migrator, 
moving from inshore areas in the fall to feeser aff thore waters in winter, and 
returning to inshore areas in spring (Scott and Crossman 1973). Information 
on swim speed as a function of temperature was also available (Table 4). 


Given some hypothetical information on average seasona: water temperatures 
at Peach Bottom (e.g., spring: 15°C; summer: 25°C; fall: 15°C; winter: 
10°C), we can translate the swim speed data into a matrix (9) indicating the 
relationship of M. dolomieui to the intake (Table 5). ‘The fnformation for 
intake velocity and swim speed by season was derived as follows: an average 
winter temperature of 10°C was taken to correspond to an acclimation tempera- 
ture of 10°C. The highest swim speed attained by M. dolomieui at 10°C acc! ima- 
tion temperature was <20 cm/sec. Thus, an intake velocity of 15 cm/sec would 
be below the swim speed of the fish (#0), while an intake velocity of 25 cm/sec 
would exceed the swim speed of the ‘ish in winter (#1). The same logic was 
used to fill in the remainder of the matrix. 
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Figure ll. Decision matrix for identifying relevant stimulus/response 


relationships applicable to the Peach Bottom water intake structure. 


Table 4. 


Swim Speed as a Function of Temperature at Peach Bottom 
(Larimore and Ouvever 1968) 








wim Soeed Acclimation Temperature (°C) 
(cm/sec) 10 15 20 25 30 
<15 x(a) x x x 2 
15 - <20 x x x x x 
20 - <25 -(b) x x x x 
235 - - - x x x 
30+ : ° ° ° x 





ay: Swim speed attained 
-: Swim speed not attained. 
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Table 5. Matrix Showing Relationship of M. dolomieui 
to Intake at Peach Bottom 








Intake Velocity 





Distribution (cm/sec) 

M. dolomieui inshore offshore 15 2 
winter 0 l 0 l 
spring l 0 0 l 
summer l 0 0 0 
fall 0 l 0 l 


Matrices for two possible intake designs were constructed (?): 


Design 

A 3 

inshore l l 
offshore 0 0 
intake velocity 15 l 0 
(cm/sec) 25 0 l 


(0 = absent; 1 = present) 


Both designs A and 8 have their intakes located inshore; the intake velocity 
for design A is 15 cm/sec and 25 cm/sec for design 8. 


We next constructed a weight matrix. Out of a range of 1 to 5, we 
assigned 4 to the spring population of M. or since that represents the 
“eproducing population. The summer population was given a 3, and fal! and 
winter were both assigned a 2. This assignment was arbitrary; it would be 
based on the biologist's knowledge of the aquatic community and an understand- 
ing of important community members. The resulting weight matrix (W) for this 


example is: 
sinter 2000 
spring 0400 
summer 0030 


fall 9002 





We can now evaluate the potential effect of intake designs A and 8 on 
M. dolomieui. The vectors resulting from the matrix multiplication 
“* are: 


fall 


The overlap index is 7 for design A and 15 for 8; however, ratio 
comparisons are not applicable. Design 8 is not 2.14 times as bad as design A 
(15/7). Rather, design A is simply ranked over design 8. 


These results suggest a higher impingement of M. a in the spring, 
and this would affect the reproducing population. Also, design A should have 
a smaller relative effect than design 8. Further analysis could consider the 
relationship between fish size and impi t, or the effect of river flow and 
pumping operation on fish impingement. last two factors were found to 
be positively correlated to impingement rates at Peach Bottom (Mathur et al. 
1977). Stimulus/response relationships which could be related to pumping 
operation include current velocity/swim speed, turbulence/rheotaxis/organism 
size, and current direction/rheotaxis. High river flows could affect rheotaxic 
behavior and habitat preference. Results from these studies could indicate 
what design modifications would reduce impingement at Peach Bottom. 





FUTURE RESEARCH 


Information compiled in this manual and the techniques suggested can be 
used to provide the most useful biological input to the design, location, or 
modification of water intake structures. Current research needs and possible 
experimental solutions are outlined in Table 6. 


Table 6. Research Needs and Recommended Experimental Solutions 














Research Needs 1 Soluti 

@ Definition and quantification of @ Integration of the effect of these 
multiple stimulus/response stimuli on fish swim performance, rela- 
relationships for fish and shell- tive to intake velocities, wil! help to 
fish predict the probability of impingement 

over a range of velocities. 

@ Behavioral, physiological, and e@ Studies of the reefing response of 
ecological investigations specific fish to new structures have aimed to 
to water intake structure stimuli enhance sport and commercial catches. 


The possibility of incorporating reef- 
ing response behavior into intake 
designs to reduce entrainment and 
impingement warrants investigation. 


@ Threshold response to specific @ Rheotaxic responses are known for many 
stimuli fish species. Such information should 
be useful in designing intakes if engi- 
neers know the range at which current 
velocities are detected by fish. 


e Environmental preference relative @ The relationship between oxygen con- 
to intake stimuli and physio- sumption of fish and laboratory-mea- 
logical | imitations sured swim speed is not linear. Hanson 
and Li (1978) examined this relation- 
ship and predicted an optimal swim 
speed that may be more useful ‘n 
defining intake velocities that fisn 


can avoid. 

@ Change in probability of @ Young fish and shellfish are usually 
entrainment and impingement with mure vuinerable to changes in envi- 
ontological differences for fish ronmental conditions, and biological 
and shellfish information for one life stage may not 


be applicable to others. Therefore, 
age or life stage specific information 
is required for designing water intake 
structures. 


oO 





MULTIPLE STIMULUS/RESPONSE RELATIONSHIPS 


As suggested by field observations of fish impingement, more than one 
environmental or water intake stimulus affects the vulnerability of individuals 
to impingement or entrainment. Dorn et al. (1979) studied the swimming perfor- 
mance of nine species of common California inshore fish. The objective of the 
Study was to determine the swimming abilities of fish species entrapped by off- 
shore water intakes. Sustained, burst, and prolonged swimming performance were 
measured or calculated. Dorn et al.'s (1979) data and analysis suggest that for 
the species tested, even the smallest fish are capable of escaping by burst 
swimming. Dorn et al. (197S) state that intake velocities shruld not be a major 
consideration in evaluating causative factors of fish entrapment. They suggest 
that additional ambient environmental factors such as wave action, light and 
fish schooling and feeding behavior may influence entrainment and impingement of 
the fish studied. 


Figure 12 suggests a graphic representation of Dorn *t al.'s (1979) obser- 
vations and what they might suggest for stucying multiple stimulus/response 
relationships. Illustrated here is what occurs when behavior and physiology of 
individuals is affected by wave action, temperature, lignt or other environmen- 
tal factors. Al? the environmental stimuli that affect swim speed cannot be 
simulated in a laboratory study. Cost-effective techniques for field measure- 
ments of fish swim speed are not available. Although radio telemetry can be 
used to evaluate swim speeds in the fie'd, these studies are expensive and are 
not applicable to studies of smalier forage fish. This is probably one of the 
most important areas of research that warrants investigation before biologists 
can provide truly useful input to the design, location, or modification of 
water intake structures. 
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Figure 12. The hypothetical swim speeds of “species A” as 
measured in the laboratory. 








RELATIONSHIPS SPECIFIC TO INTAKE STIMULI 


water intake structures present new or altered habitat in the aquatic envi- 


ronment . 


With the beginning of construction, the natural or present habitat is 


changed and the water intake structure provides an area for colonization and 


aggregation of aquatic species. 
as a stimulus that attracts or repulses fish and shellfish. 


The structure, after construction, may also act 


Intake structures 


may vary in their component parts (e.g., intake channel and shoreline inter- 


face). 


mine the stimuli that are received by fish and shellfish. 


The water body in which an intake is located will also in part deter- 


Four major types of 


water bodies in which intake structures are located are rivers, lakes and 


reservoirs, estuaries, and oceans (Sonnichsen et al. 1975). 


Table 7 shows some 


Table 7. Physical Characteristics and Biological Considerations for 
Location of Water Intake Structures in Four Water Body Types, 
(in part from Sonnichsen 1975) 
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of the physical differences and how these differences might affect biological 
information needed for design considerations. Knowing how fish and shellfish 
will respond to the physical presence of an intake is important. If the design 
can include features that repulse or do not attract fish and shellfish, 
entrainment and impingement may be decreased. 


THRESHOLD RESPONSE 


An important concept to consider when evaluating intake stimulus/organism 
response relationships is the threshold of an organism's response to a stimu- 
lus. If the intake is providing a stimulus at the threshold of an organism's 
ability to respond, response may occur after the fish is no longer able to 
avoid entrainment or impingement. Fish may avoid certain current velocities; 
however, if these velocities are too near the screens of an intake, the fish 
becomes impinged. The threshold of detection and the threshold of response 
capability have to be understood to predict the entrainment or impingement of 
a fish or shellfish. 


A similar behavioral response might be acclimation to a stimulus. Often 
the strength of response is directly related to the degree of change in the 
stimulus. An intake design could include this type of information if the above 
relationship were known. For example, if a fish responds negatively to turbu- 
lence (swims away), turbulence might be used to direct fish away from areas 
where they might become entrained or impinged. However, if the turbulence is 
not enough to elicit immediate response, the fish may acclimate to the 
turbulence and continue to swim toward the intake. 


ENVIRONMENTAL PREFERENCE 


Hanson and Li (1978) provide a useful example of the relationship between 
environmental preference of a fish species and how this might relate to the 
probability of entrainment or impingement. They present research resuits for 
chinook salmon, bluegill, and Mississippi silversides, relating oxygen consump- 
tion anc swim speed. Their data show the selected current velocity for these 
species and reveal a better relationship between the optimum swimming speeds 
of these fish and impingement velocities thar, between impingement velocities 
and fish swim stamina. These results indicate a need for experimental! correla- 
tion between behavioral and physiological characteristics as they appiy to 
water intake design criteria. 
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ONTOLOGICAL CONSIDERATIONS 


Among the many variaDles that can affect the organism's response to a 
given environmental stimulus, one of the more important is the organism's age 
or stage of development. Young fish and shellfish are usually more vulnerable 
to changes in environmental conditions, and biological information for one life 
stage may not be applicable to others. Therefore, age or life stage specific 
information is required for designing water intake structures. If mathematical 
descriptions of biological information are developed, ontological changes 
should be included. For example, changes from planktonic to nektonic modes can 
influence the potential for entrainment and impingement of many fish and sheli- 
fish species. In most instances, different life stages may be considered as 
different organisms. 


The feeding habits of fish change as they develop from larva to adult. 
Freshwater drum young eat zooolankton and chironomids mostly, while adults eat 
insects, fish and crayfish (Scott and Crossman 1973). Morsell and Norden 
(1968) noted that landlocked adult alewives eat zooplankton until they are 
about 119 mm long, and larger fish eat increased numbers of benthic amphipods. 
The diet of striped bass changes from zooplankton to small fishes throughout 
life. Thus, feeding habits of many young fish could influence their 
susceptibility to entrainment and impingement. 


Changing size can affect the way in which an organism responds to a stimu- 
lus. Beamish (1978) discusses many investigations of swimming performance 
related to fish length and weiaht. Atlantic nerring swimming endurance 
increases as body length increases. The distance a sea lamprey can swim in 
laboratcry tests increases with their weight. The burst swimming speed for 
drown trout, Atiantic herring and goldfish was observed to decrease relative 
to increasing length. This type of physiological information is important for 
the design, operation or modification of a water intake structure at which cur- 
rent velocities are expected to affect fish swim performance. To choose a 
location, a screen size or approach velocity, the design engineer must Know 
how the relevant biological information changes with ontological differences 
in fish and shellfish. 








CONCLUSIONS 


The strategy outlined hcre is a guideline for providing biologica! input 
to the design, location or modification of a water intake structure. The pro- 
cess has three facets and is iterative, because information obtained in one 
facet of the process may be used to modify information needs. 


The first facet requires a review of behavioral, physiological and ecolog- 
ical characteristics of fish and shellfish. The relationships between water 
intake stimuli and behavioral and physiological responses of fish and shellfish 
are evaluated. The biological information that is most likely to reduce 
entrainment and impingement is selected for inclusion in the water intake 
design. The second facet of the process describes methods for quantifying 
descriptions of stimulus/response relationships. Quantitative descriptions are 
used to aid communication between biologists and design engineers. The third 
facet identifies procedures for using information developed in facets 1 and 2 
to support or further develop biological information relevant to intake 
desians. A hypothesis hierarchy is presented that aids identification of 
specific tasks for generating quantifiable data. 


A biologist given the task of aiding in water intake design is faced with 
obtaining a large amount of data and information. Not all of the information 
is needed and some available information is incomplete. By following this 
manual, a biologist should be able to compile, organize, request new informa- 
tion, and communicate with design engineers. Oata are needed that wil] explain 
how fish and shellfish integrate stimuli and behave near intakes. Development 
of a consistent approach to this problem will lead toward an assembly of infor- 
mation that will apply %o the design and location of environmentally acceptable 
water intake structures. 
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1& Abetrect (Limmet 200 words) 


This manual is intended to provide guidance to the biologist who is asked to pro- 
vide biological input during the construction or subsequent alteration of a water 
intake structure. Examples of the types of biological information that might be 
included in intake design are presented. Procedures for quantifying biological infor- 
mation and defining specific tasks that will generate quantifiable data are discussed. 
Procedures described apply both to new and modified water intake structures. 
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As the Nation s principal conservation agency. the Department of 
the interior has responsibility for most of our nationally owned 
public lands and natural resources. This includes fostering the 
wisest use of our land and water resources. protecting our fish and 
wildlife, preserving the environmental and cultural vaives of our 
national parks and historical places. and providing for the enjoy- 
ment of life through outdoor recreation. The Department assesses 
our energy and mineral resources and works to assure that their 
development is in the best interests of all our people. The Depart- 
ment also has a major responsibility for American indian reservation 
communities and for people who live in isiand territories under U.S 
administration. 
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